Migraine with aura: a vicious cycle perpetuated by potassium-induced vasoconstriction.
Two hypotheses have dominated attempts to understand the etiology of migraine with aura or classic migraine; the vascular spasm model proposed by Wolff and colleagues, and the spreading cortical depression hypothesis. Neither can provide a fully satisfactory explanation for the syndrome, however. We propose that classic migraine is both spreading cortical depression and localized ischemia linked in a vicious cycle by potassium induced vasoconstriction. The cycle can be initiated by any event which raises the local cortical ECF potassium concentration to approximately 20 mM. Such an event could be a localized burst of activity of a group of cells, localized metabolic impairment, or a transient reduction in blood flow to a region of the cortex. Once this level of potassium concentration is reached, it may result in localized depolarization of neurons, releasing more potassium into the ECF. Glial siphoning can distribute the potassium preferentially toward the blood vessels in the area, leading to an elevation in potassium concentration in the ECF surrounding the vascular smooth muscle of the arterioles. Above approximately 15 mM, vascular smooth muscle increases its tension in response to elevations in potassium. Therefore, as cortical ECF potassium concentration rises above 15 to 20 mM, localized vasoconstriction occurs, thereby reducing both the supply of oxygen for aerobic metabolism and the removal of potassium in the blood. Under these conditions, the effectiveness of the mechanisms which control potassium concentration is impaired and unable to prevent additional elevations in potassium. As the concentration continues to rise, vasoconstriction becomes more intense, perpetuating the cycle that results in localized depression of cortical neuronal activity and ischemia. The condition is propagated to adjacent regions of the cortex by diffusion and glial-mediated spread of potassium. In many respects, the hypothesis unites the vascular spasm and spreading depression models. If verified, it may provide insight into the causes of classic migraine as well as give direction toward development of effective therapies.